In this study, the records of 17 adult patients with medulloblastoma treated with craniospinal radiation and 1 of 2 multiagent chemotherapy protocols were reviewed for progression-free survival, overall survival, and toxicity, and the patients were compared with each other and with similarly treated children and adults. Records of patients treated at 3 institutions were reviewed. Seventeen medulloblastoma patients (11 female, 6 male) with a median age of 23 years (range, 18-47 years) were treated with surgery, craniospinal radiation (CSRT) plus local boost, and 1 of 2 adjuvant chemotherapy regimens. All tumors were infratentorial (10 in 4th ventricle and 7 in left or right hemisphere). Ten patients presented with hydrocephalus, and 7 of them were shunted. Eight patients had gross total resection, 7 had subtotal resection (>50% removed), and 2 had partial resection (<50% removed). Postoperatively, 3 patients had positive cytology and 3 had positive spinal MRI. Five patients were classi ed as good risk and 12 were classi ed as poor risk (Chang staging system). Ten patients were treated with the "Packer protocol," consisting of CSRT plus weekly vincristine followed by 8 cycles of cisplatin, lomustine, and vincristine. Seven patients were treated with the Pediatric Oncology Group (POG) protocol, consisting of alternating courses of cisplatin/etoposide and cyclophosphamide/vincristine, followed by CSRT. Eight of 17 patients relapsed, with all 8 relapsing at the primary site. Other relapse sites included the leptomeninges (5), bone (1), and brain (1). The estimated median relapse-free survival (Kaplan-Meier) for all patients was 48 months (95% con dence interval, >26 months to ¥). Median relapse-free survival for patients on the Packer protocol was 26 months, and for those on the POG regimen was 48 months (P = 0.410). Five of 10 on the Packer protocol were relapse-free, while 4 of 7 were relapse-free on the POG regimen. Two patients relapsed during chemotherapy and 6 relapsed after completing all therapy at 18, 18, 26, 30, 40, and 48 months. The estimated median survival of all patients was 56 months (95% con dence interval, 27 to ¥) with 11 patients alive; for the Packer protocol, median survival was 36 months, and for the POG protocol, it was 57 months (P = 0.058). The hazard ratio was 0 (95% con dence interval, 0 to ¥). Toxicity during the Packer protocol was moderately severe, with only 1 of 10 patients able to complete all therapy. Two patients had severe abdominal pain during CSRT + vincristine, and 5 had peripheral neuropathy during vincristine therapy. Hearing loss (>20 dB) occurred in 7, neutropenia (<500 µl) in 6, thrombocytopenia (<50,000 µl) in 6, nephrotoxicity (>25% ¯by creatinine clearance) in 2, and decreased pulmonary function (diffusing capacity for carbon monoxide ¯>40%) in 1. On the POG protocol, only 1 patient had persistent nausea and vomiting, 2 had peripheral neuropathy, and 3 had hearing de cit (>20 dB) or tinnitus. The POG and Packer protocols did not have a statistically signi cant difference in relapsefree or overall survival because of the small sample size. The POG protocol seemed to have less nonhematologic toxicity. Adults on the Packer protocol appeared to have shorter median survival and greater toxicity than did children. To know whether adding adjuvant chemotherapy to craniospinal radiation in adult therapy increases relapse-free and overall survival, we must await the results of a larger randomized controlled clinical trial. Neuro-Oncology 3, 29-34, 2001 (Posted to NeuroOncology [serial online], Doc. 00-014, October 3, 2000 M edulloblastoma is the most common CNS tumor of childhood, accounting for 15% to 30% of all childhood brain tumors, and 30% to 40% of all posterior fossa tumors (Hubbard et al., 1989) . The tumor occurs with a peak incidence in the rst decade of life, with a bimodal distribution peaking at 3 to 4 years of age and again at 8 to 9 years. In adults, the tumor is much less common, accounting for approxi-
mately 1% of adult primary brain tumors, 80% of which occur before the end of the fourth decade (Aragones et al., 1994; Bloom et al., 1990; Kopelson et al., 1982) . Medulloblastoma is thought to arise from a primitive cell in the external granular layer of the cerebellum, but the speci c cell of origin has not been identified definitively. The adult tumor is said to occur more often in the cerebellar hemispheres than the vermis and is more often desmoplastic in histology (Aragones et al., 1994; Frost et al., 1995; Prados et al., 1995) . Karyotypic analysis of medulloblastoma nds frequent structural abnormalities, with chromosome 17 the most frequently affected (Biegel et al., 1989) .
High-risk childhood medulloblastomas have been treated with maximal surgery, craniospinal radiation therapy, and adjuvant chemotherapy for the last 10 years (Packer et al., 1991 (Packer et al., , 1994 . A multiagent chemotherapy protocol-CDP, 2 CCNU, and VCR-has increased the 5-year progression-free survival rate in high-risk children to 85% (Packer et al., 1994) . Survival of high-risk patients was better than that of low-risk patients treated by radiation alone (Packer et al., 1991 (Packer et al., , 1994 . Therefore, we decided to treat both good-and poor-risk adult patients with craniospinal radiation and multiagent therapy (Le et al., 1997; Prados et al., 1995) . Relapse occurs predominately at the original site, but also in the leptomeninges and extraneurally in bone (Packer et al., 1985; Prados et al., 1995) .
We reviewed our institutions' experiences treating 17 adult patients who had medulloblastoma and who were treated with maximal surgery, craniospinal radiation therapy, and 1 of 2 multiagent chemotherapy regimens. In this study we report our overall results and compare treatment outcomes for each of the 2 regimens. We also contrast our experience using craniospinal radiation and chemotherapy with the results obtained in the pediatric population and in adults treated with radiation therapy alone.
Materials and Methods
We performed a retrospective review of the charts of 17 consecutive patients who had infratentorial medulloblastoma, were aged 18 years or older, and were treated at diagnosis with surgery, craniospinal radiation therapy, and multiagent chemotherapy. Patients diagnosed between 1991 and 1997 were accrued from 3 institutions: University of Michigan, University of California at San Diego, and Brown University. They were treated at the University of Michigan and the University of California at San Diego on the Packer protocol (described below) and at Brown University on both the Packer and the POG protocols (described below) without randomization. Patients were staged according to Chang criteria (Chang et al., 1969) with spinal neuraxis MRI and lumbar puncture including cytology. According to Chang criteria, a rating >T2 and/or >M0 was considered poor risk. Data were tabulated on a specially developed worksheet. All patients were given craniospinal radiation therapy, with 15 of 17 treated at a dose of 36 Gy; 1 patient on the POG protocol was treated at 25.5 Gy, and 1 was treated at 45.5 Gy. The posterior fossa of all patients received a boost of 53.2 to 60 Gy (median 54 Gy). One of 2 chemotherapy regimens was used to treat all patients as follows: (1) weekly VCR (1.5 mg/m 2 ) during craniospinal radiation therapy and for 6 weeks thereafter; then 8 cycles (1 cycle every 6 to 8 weeks) of CDP (75 mg/m 2 ) and CCNU (50 mg/m 2 ) on day 1 and VCR (1.5 mg/m 2 ) given 3 times per cycle. Ten patients were treated with this regimen based on a protocol designed by Packer et al. (1985 Packer et al. ( , 1991 . (2) Preradiation chemotherapy with cycles of CDP (20 mg/m 2 on days 1-5 or 90 mg/m 2 on day 1) and etoposide (75-100 mg/m 2 for 3 to 5 days) alternating with CTX (450-1580 mg/m 2 on days 1 and 2) and VCR (1.5 mg/m 2 on day 1) (Duffner et al., 1993) . Seven patients were treated on this regimen based on a protocol designed by POG (Duffner et al., 1993) .
Estimated median time to relapse and survival time were calculated using Kaplan-Meier analysis. Comparisons of relapse-free survival, survival by treatment group, and survival by risk group were performed using an exact version of the log-rank test. A hazard ratio for relapse and overall survival was calculated between treatment groups and risk groups.
Response was de ned according to MacDonald criteria (MacDonald et al., 1990) . Relapse was statistically de ned as a 25% increase in contrast-enhancing tumor at the original site, as identi cation of a new site of disease, or as the patient's death if relapse had not occurred.
Results

Risk and Treatment
There were 6 male and 11 female patients in this study ( Table 1 ). The median age was 23 years (range, 18-47 years). In 10 patients, the tumor was in the vermis or fourth ventricle, and in 7 it was in the cerebellar hemispheres (5 right, 2 left). Twelve patients were poor-risk patients according the Chang staging system. Seven of these were T3, 2 of whom had CSF spread on lumbar puncture; 1 was M1, and 1 was M3. Five additional patients had metastatic disease (M2-M4). Six of the 12 poor-risk patients were treated on the Packer protocol (60%), and 6 were treated on the POG protocol (84%). The difference in the number of poor-risk patients on each protocol was not statistically signi cant. Patients were treated with partial (<50%) resection (2), subtotal (>50%) resection (7), and gross total resection (8), as defined by postoperative contrast-enhanced cranial MRI. Postoperatively, 3 patients had positive cytology, 2 at greater than 3 weeks postoperatively. Three patients had spinal MRIs positive for disseminated disease; 1 of these 3 had nodular disease and was the third patient with a positive cytology 2 weeks postoperatively. Seven patients had hydrocephalus and underwent ventriculoperitoneal shunt placement. Three patients had hydrocephalus and did not undergo shunt placement. Three patients had shunt placement without H.S. Greenberg et al.: Adult medulloblastoma chemotherapy hydrocephalus, and 4 had neither hydrocephalus nor shunt procedure.
Relapse-Free and Overall Survival
The Kaplan-Meier estimated median relapse-free survival for all patients was 48 months (95% con dence interval, 26 to ¥), with 8 patients having relapsed (Fig. 1 ). Ten patients (5 relapses) treated on the Packer protocol were estimated to have a median 26-month relapse-free survival (95% con dence interval, 18 to ¥); the 7 patients (3 relapses) treated on the POG protocol had an estimated median 48-month relapse-free survival (95% con dence interval, 30 to ¥) (P = 0.410). The hazard ratio was 0.59 (95% con dence interval, 0.14-2.52). Relapses were local (at the site of the intracranial tumor) in 8 patients: leptomeninges (5), bone (1), and brain (1). The KaplanMeier estimated median overall survival was 56 months (95% con dence interval, 27 to ¥) (Fig. 1) . The 10 patients treated on the Packer protocol were estimated to have 36 months of overall median survival (95% condence interval, 24 to ¥), and the 7 POG protocol patients were estimated to have 57 month of overall median survival (95% con dence interval, 56 to ¥, P = 0.058). The hazard ratio for overall survival was 0 (95% con dence interval, 0.0 to ¥). When Chang criteria were used to classify patients as good or poor risk, there was no difference in relapse-free survival (P = 0.570) or overall survival (P = 0.161) in the 2 groups. The hazard ratio was not signicant at 0.66 (95% con dence interval, 0.16-2.80) for relapse-free survival or for overall survival at 0.32 (95% con dence interval, 0.06-1.58). There was also no difference in relapse-free or overall survival by risk group according to treatment, and no difference in relapse-free (P = 0.136) or overall survival (P = 0.258) whether primary location was in the cerebellar hemispheres or in other posterior fossa locations.
Packer Protocol
Ten patients were treated on the Packer protocol (Table  2) . Seven patients had a gross total resection and were stable throughout radiation and chemotherapy. Two patients had a subtotal resection (>50%), and both had a complete response after radiation therapy. The patient who had a partial resection of <50% had a complete response after radiation. Two patients progressed during chemotherapy at 8 and 9 months.
POG Protocol
Seven patients were treated on the POG protocol (Table  2) . One patient had a gross total resection and remained stable throughout all treatment. Five patients had subtotal resection, 3 of whom had partial responses after 2 or 3 cycles of chemotherapy that became complete responses after radiation. One patient was stable throughout chemotherapy and radiation. One patient progressed during chemotherapy and was stable during radiation. She is stable 25 months after diagnosis. One patient had a partial resection and was stable throughout radiation and chemotherapy. The 5 relapsed patients on the Packer protocol survived a median of 10 months (6, 9, 10, 13, and 16 months) after relapse, and the 3 relapsed patients on the POG protocol survived a median of 8 months (4, 8, and 24 months).
Chemotherapy Complications
Complications of the 2 chemotherapy regimens are listed in Table 3 . Seven of the 10 patients were able to complete the planned 8 cycles of the Packer protocol; 1 patient completed 6 cycles, and 2 patients, 4 cycles. Nine of the 10 patients required dose reduction or discontinuation of all 3 drugs. Cisplatin dosages were decreased in 8 patients after 3 to 6 cycles and were changed to carboplatin in 2 patients because of nephrotoxicity and ototoxicty. CCNU dose was decreased in 10 patients after 1 to 6 cycles because of myelosuppression. Also on the Packer protocol, neutropenia <500 µl was seen in 6 patients during 20 cycles of chemotherapy. Thrombocytopenia <50,000 µl was seen in 6 patients during 20 cycles of chemotherapy. Anemia <10 g hemoglobin was seen in 3 patients on 14 cycles of chemotherapy. No patient required transfusion; granulocyte colony-stimulating factor support was used in 1 patient during 3 cycles of chemotherapy. One patient required antibiotics for febrile neutropenia. Vincristine was discontinued in 7 patients after 1 to 6 cycles due to toxicity. One patient received no post-radiation VCR and another patient received VCR only intermittently during chemotherapy. On the POG protocol, 5 of 7 patients required chemotherapy dose reduction. Four patients had neutropenia (<500 µl) on 14 cycles of chemotherapy, 3 patients thrombocytopenia (<50,000 µl) on 14 cycles, and 3 (hemoglobin <10 g) anemia on 14 cycles of chemotherapy. No patient required transfusion and one patient required antibiotics for febrile neutropenia.
Discussion
In this study of 17 adult patients with infratentorial medulloblastoma, the median relapse-free survival for the entire cohort was 48 months, with no statistically signi cant difference between the 2 treatments. The POG patients' overall survival was not statistically different from that of the Packer patients' survival (P value = 0.058), but it approached signi cance. Because of the small sample size, our data were inadequate to support any conclusions about the differences in relapse-free and overall survival between the 2 protocols. Both protocols included good and poor risk adult patients because in a previous pediatric trial poor-risk patients receiving the Packer regimen had a better outcome than did good-risk patients treated with radiation alone (Packer et al., 1991 (Packer et al., , 1994 . Patients were considered poor risk if there was evidence of brainstem involvement, tumor lling the fourth ventricle extending into the foramina of Luschka or Magendiae producing internal hydrocephalus, or metastatic disease (Chang et al., 1969) . For the pediatric trial, median progression-free 5-year relapse was 85% (Packer et al., 1994) . In our study, there was no signi cant difference in the percentage of poor-risk patients on each treatment protocol or in the patients' relapse-free (P = 0.570) or overall survival (P = 0.161). The good-and poor-risk adult medulloblastoma patients appeared to have a signi cantly poorer outcome than the poor-risk pediatric patients with similar treatment. In contrast, a previous retrospective review of adult patients with medulloblastoma found 5-year relapse-free and overall survivals to be similar in adults and children (68% and 58%), with a median survival of 72 months (Le et al., 1997) . Forty-seven percent of our patients had gross total resection, and 70.6% were poor risk, which is similar to data in 2 previous adult trials where gross total resection was carried out in 48% and 50% of patients in which 37% and 58% were poor risk (Frost et al., 1995; Prados et al., 1995) adjuvant chemotherapy in this trial survived signi cantly longer than did those not receiving adjuvant chemotherapy. No discussion of toxicity by treatment group other than myelosuppression and a single patient with vincristine neuropathy is present in the Prados et al. study. In a subsequent study from the same institution over a similar time span, with presumably many overlapping patients, no difference in survival was found between patients treated with or without chemotherapy on univariate or multivariate analysis. In that study, the chemotherapy group had more poor-risk patients (Le et al., 1997) . In a recent series of 42 childhood and 42 adult medulloblastoma patients, the tumors in adults had signi cantly higher median pCNA and MIB-1 labeling indices, which might explain a poorer survival for adults (Giordana et al., 1997) . It is always dif cult to compare patients treated at multiple institutions and given different treatments. The toxicity of the Packer protocol appears to be much greater in adults than in children. Sixty of 63 patients (95%) in the childhood study received full-dose CDP until the fth cycle of treatment, and 44% received the full total dose of CDP. In our study, only 30% of adult patients received full-dose CDP by the sixth cycle, and no patient received full-dose CDP on all 8 cycles. Furthermore, in the study of Packer et al., 1994, 14 .2% of children required a dose reduction of CCNU due to myelotoxicity, whereas 100% of adult patients treated similarly required a CCNU dose reduction. In addition, one adult patient on the Packer protocol had a >40% decrease in diffusion capacity. The VCR dose was decreased in 25% of children treated on the Packer protocol compared with 90% of our adult patients in which 6 of 10 adults received less than 3 cycles of vincristine. Toxicity was substantially less in patients treated with the POG regimen, but a meaningful Q TWIST analysis comparing the quality of life on the two protocols could not be completed because of small sample size.
In summary, the role of multiagent adjuvant chemotherapy in the treatment of good-and poor-risk adults with either the Packer or POG regimen requires further study and a larger clinical randomized trial. Adequate assessment of statistical differences between the median relapse-free and overall survival in the protocols is not possible in the present study. The relapse-free and overall survival rate appears lower in adults than in children. Adults with medulloblastoma treated on the Packer protocol experienced considerably greater chemotherapy-related toxicity than did children treated on an identical protocol. We have not demonstrated that chemotherapy is effective when added to craniospinal radiation in adult patients with medulloblastoma. A prospective multi-institutional randomized clinical trial is needed to answer the question.
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